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The most common lesion of the vertebral artery
(VA) is an atheromatous plaque located at its origin
from the subclavian artery. The second most com-
mon lesion is a stenosis or an occlusion involving the
second segment of the VA as it threads its way
through the cervical vertebrae. Stenotic lesions may
be multiple but usually do not develop beyond the
level of C2. Occlusions of the VA usually involve
most of its cervical trajectory, but the artery often is
reconstituted immediately below or at the level of
C2. Fortunately for the surgeon, the segment of VA
that extends from C2 to C1 is the most accessible of
the entire intraforaminal course.1
Occlusive disease of the VA traditionally has been
misrepresented as either causing no symptoms, provid-
ed both internal carotid arteries are free of disease, or
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Purpose: The aim of our study was to assess the outcome of distal vertebral artery (VA)
reconstructions through a retrospective review conducted at a university-affiliated refer-
ral center.
Methods: One hundred consecutive distal VA reconstructions had been performed during
a period of 14 years (98 patients) and included reversed saphenous vein bypass from the
ipsilateral common, internal, or external carotid to the third portion of the VA at the
Cl-2 level (68 reconstructions) or the C0-l level (4); transposition of the external carotid
or its occipital branch to the VA (23); and transposition of the third portion of the VA
onto the internal carotid artery (2). Other methods were used in 3 additional patients.
Eighteen patients underwent concomitant carotid operations, and 1 patient underwent
a concomitant subclavian transposition. Symptoms were present in 98% of patients and
included vertebrobasilar ischemia (89%), vertebrobasilar plus hemispheric ischemia (7%),
and hemispheric ischemia (2%). Two asymptomatic patients with bilateral carotid occlu-
sions underwent operations to provide a single artery for cerebral perfusion (2%). Sixty-
three lesions were atherosclerotic, 18 were dynamic bony compressions, and 14 were dis-
section, fibromuscular dysplasia, arteritis, or aneurysm. Five had miscellaneous anatom-
ic indications. 
Results: Stroke caused the four perioperative deaths that occurred. There was one occur-
rence of nonfatal hemispheric stroke. Routine postoperative arteriography identified 16
graft abnormalities; 11 patients underwent attempted revision. The introduction of the
use of intraoperative angiography in 1990, halfway through the series, lowered the inci-
dence of graft abnormalities from 28% to 4% and the incidence of perioperative death
from 6% to 2%. Eighty-seven percent of patients had complete or significant resolution
of symptoms. Follow-up ranged from 1 to 168 months (mean, 79 months). Ten patients
were lost to follow-up. Twenty late deaths occurred; none were stroke related. Five
reconstructions required late revision. The cumulative primary patency at 5 and 10 years
was 75% ± 6 and 70% ± 7 (mean ± SE), respectively; cumulative secondary patency was
84% ± 5 and 80% ± 6 at 5 and 10 years, respectively. Median survival was 107 months. 
Conclusions: Distal VA reconstruction provides excellent long-term patency and stroke
protection. Intraoperative angiography is mandatory. (J Vasc Surg 1998;27:852-9.)
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causing only “hemodynamic” symptoms because of
decreased flow into a basilar artery that cannot be com-
pensated for by the carotid contribution via the poste-
rior communicating arteries. In 1962, Hutchinson et
al.2,3 described complex atheromata in the VA, with
surface thrombi and intraplaque hemorrhage, and
made correlations to infarcts of the brain stem. It was
20 years before a few pathologists and neurologists4-9
again called attention to the fact that complex athero-
mata and other lesions (e.g., dissection, intermittent
bony compression, and so on) commonly give rise to
emboli and infarction in the vertebrobasilar territory.
One of the problems with the clinical introduction of
this concept was that the computed tomographic scan-
ner, which depicted so well the hemispheric conse-
quences of internal carotid disease, often was useless in
demonstrating the small infarcts of the brain stem that
develop in patients with complex lesions of the VA.
Unless magnetic resonance imaging (MRI) is used to
scan patients with vertebrobasilar disease, many infarcts
of the brain stem will be missed.10
Vertebrobasilar ischemia (VBI) may result from
hemodynamic or embolic mechanisms. The more
common proximal VA disease (usually an atheroma-
tous stenosis) is less likely to have embolic conse-
quences than the more complex lesions seen in its
transforaminal course (C6-1).
Hemodynamic symptoms result from “low flow”
conditions. They often are triggered by orthostatic
maneuvers or a transient decrease in cardiac output.
Hemodynamic symptoms also can occur when a
dominant VA is compressed during neck extension
or rotation. Characteristically, hemodynamic mecha-
nisms cause repetitive symptoms that may be trig-
gered by specific postural changes. The results of
MRI in these patients usually are normal, and the
risk of posterior circulation stroke is low.
Symptoms that arise from embolizing lesions are
varied and rarely repetitive. Symptoms are usually
severe and long lasting, and they are not triggered
by positional or postural changes. Embolic VBI rep-
resents a high risk of severe stroke. MRI in these
patients often demonstrates small infarcts in the
cerebellum or brain stem.
We present a review of our experience with 100
consecutive reconstructions (2 repeated operations)
of the distal VA (between C0 and C2) in 98 patients
with hemodynamic and embolic symptoms resulting
from disease involving the second segment of the VA.
PATIENTS AND METHODS
During a 14-year period from 1982 through
1996, a total of 100 consecutive distal VA proce-
dures were performed in 98 patients who had poste-
rior cerebral or brain stem ischemia of an embolic or
a hemodynamic nature. The average patient age was
61 years (range, 29 to 79 years), and there were 67
men and 33 women. 
Extensive patient evaluation was carried out to
exclude nonsurgical disorders mimicking VBI.
Treatment for poorly controlled diabetes, cardiac
arrhythmias, myxedema, hypertension, electrolyte
imbalance, and orthostatic hypotension was carried
out when clinically indicated before any further
testing. Patient medications, particularly antihyper-
tensive formulations, were thoroughly reviewed and
changed if necessary to ensure that symptoms did
not reflect inappropriate drug levels. In general, all
patients underwent a complete cardiac evaluation,
which included consultation with a cardiologist, 24-
hour electrocardiographic monitoring, and echo-
cardiography. The use of a pacemaker was consid-
ered in any patient for whom there was a reasonable
chance that an arrhythmia was the cause of the
symptoms. Neurologic evaluation included consul-
tation with a neurologist, CT scanning or MRI (or
both) of the brain, and arteriography to selectively
visualize all four neck vessels supplying the brain
plus a flood injection of the aortic arch to exclude a
proximal embolic source. In addition, dynamic
selective vertebral angiography11 with specific posi-
tioning of the patient’s neck was undertaken when
indicated. 
In total, 39% of the patients presented with car-
diac disease. Thirty percent of the patients had had a
myocardial infarction before referral; 34% harbored
significant coronary disease, and 5% had congestive
heart failure. Fifty-five percent of the patients were
treated for hypertension, 20% were diabetic, and 5%
were diagnosed with chronic pulmonary disease.
Nine percent had evidence of significant, sympto-
matic peripheral vascular disease in other territories.
Sixty-two percent had a history of tobacco use.
Seventeen patients gave a history of a previous hemi-
spheric stroke; in all 17, this was confirmed radi-
ographically with CT scanning or MRI.
Twenty-seven patients had undergone previous
cerebrovascular operations. Seventeen patients had
had a prior revascularization of one or more carotid
arteries, 8 patients had undergone proximal (6) or
distal (2) VA reconstruction before the index distal
VA operation, and 2 patients had undergone bypass
of the aortic arch branches. 
Seventeen patients had undergone other car-
diac/valvular operations before VA reconstruction.
Ten patients had undergone coronary revasculariza-
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tion, 2 received prior valve replacements, 3 had had
pacemakers placed, and 2 had undergone pediatric
Blalock-Taussig shunt operations. 
Symptoms of cerebrovascular ischemia were pre-
sent before operation in 98% of the patients. The
average duration of symptoms was 14 months; this
was the time it took for patients to be seen, evaluat-
ed, often administered a trial of medical treatment,
and finally referred to our institution. A recogniz-
able complex of symptoms that strongly suggested
pure posterior circulation ischemia of either embolic
or hemodynamic etiology was present in 89 of the
patients (89%). The incidence of specific verte-
brobasilar symptoms is listed in Table I. Gait distur-
bance and vertigo were the most common com-
plaints. The majority of patient symptoms were of a
transient and repetitive nature (80%). Eighteen per-
cent of the patients with transient/repetitive symp-
toms experienced them only after specific head posi-
tioning, whereas the remainder could not identify a
positional trigger. Patients with head-positional
symptoms underwent dynamic arteriography, and
these studies confirmed the occlusion of at least one
VA after specific head maneuvers.
Seven additional patients (7%) presented with a
combination of both vertebrobasilar and hemispher-
ic symptoms. Interestingly, all 7 patients who pre-
sented with this combination had extensive extracra-
nial or intracranial occlusive disease. Six of 7 patients
had critical stenoses or occlusions of all four major
vessels supplying the brain. The seventh had a single
nondiseased carotid artery and severe disease in the
other three vessels. Three of these 7 patients had
correctable carotid bifurcation lesions and under-
went concomitant endarterectomy of the carotid
bifurcation. 
Eighteen percent of patients had a fixed neuro-
logic deficit, and all had an appropriate infarction
demonstrated with CT scanning or MRI. Among
these 18 patients, 2 had hemispheric and 16 had
posterior fossa infarcts. Ten patients had both tran-
sient/repetitive symptoms and a fixed deficit. 
There were 2 asymptomatic patients (2%) with
bilateral internal carotid and vertebral occlusions
who underwent operations to provide a single artery
for cerebral perfusion before coronary artery bypass
graft surgery. 
In total, preoperative CT scanning or MRI
demonstrated 17 hemispheric and 36 vertebrobasi-
lar infarcts.
Sixty-three of the lesions seen arteriographically
appeared to be atherosclerotic; 35 of these were
occlusions, and 28 were hemodynamically signifi-
cant stenoses. 
Eighteen patients were symptomatic as a result of
dynamic bony compression. All 18 patients experi-
enced a reproducible symptom complex with specif-
ic positioning of the head, and all had clinical and
radiographic evidence of VA compression during
dynamic arteriographic studies. Fourteen patients
(14%) were operated on for VA dissection unrespon-
sive to medical therapy, fibromuscular dysplasia,
arteritis, or aneurysm. Five had miscellaneous
anatomic indications. The breakdown of pathologic
lesions is shown in Table II.
Ninety-two patients had evidence of bilateral,
flow-impeding VA lesions on their preoperative arte-
riograms. The nonoperated, contralateral VA was
functionally excluded in 92% of patients. In 51% of
patients, this artery was occluded or congenitally
absent; in 13%, it was severely stenosed; and in 28%,
it was obviously hypoplastic or terminated in a pos-
Table I. List of presenting vertebrobasilar symptoms
Symptoms % Symptoms %
Disequilibrium/ataxia 64
Orthostatic dizziness 8
Drop attacks 21
Vertigo 45
Blurred vision 25
Hemianopsia 3
Diplopia 13
Cortical blindness 10
Quadriplegia 1
Distal parasthesias 31
Perioral numbness 7
Hearing deficit 1
Tinnitus 7
Dysphagia 1
Dysarthria 18
Facial palsy 8
Asymptomatic 2
VBI alone 89
Hemispheric ischemia alone 2
Hemispheric ischemia + VBI 7
Table II. Operated vertebral artery pathology
Arterial Pathology %
Atherosclerotic occlusion 35
Atherosclerotic stenosis 28
Dynamic arterial compression 18
Arterial wall dissection 7
Fibromuscular dysplasia 3
Stenosis of previous graft 3
Takayasu’s/other arteritis 3
Bilateral ligation (Blalock-Taussig procedure) 2
Arterial aneurysm 1
teroinferior cerebellar artery. In 8 patients, the non-
operated, contralateral VA was normal in the neutral
position. In 6 of these 8 patients, emboli were the
cause of symptoms, whereas in the other 2, symp-
toms arose from bilateral dynamic VA compression
near the skull base.
Twenty-four patients harbored pathology within
the VA likely to result in embolization. Sixteen ath-
erosclerotic lesions were responsible for atheroem-
boli documented with MRI. Three patients had
dynamic bony compression with concomitant mural
thrombosis. Four had arterial dissections, and one
had an aneurysm.
Surgical reconstruction. The most commonly
performed distal VA reconstructions involved the
use of a reversed saphenous vein bypass graft from
the ipsilateral common, internal, or external carotid
to the third portion (C0 to C2) of the VA (72
patients).1 Vein bypass grafts originated from a nor-
mal segment of common carotid artery in 56
patients, from the proximal external carotid in six
patients, and from the side of the internal carotid in
10 patients. In 68 of these bypasses, the vein graft
was anastomosed end-to-side to the VA at the C1-
2 level. This anastomosis was functionally made
end-to-end by occluding the proximal VA immedi-
ately below the anastomosis with a metal clip or a
ligature. In 4 patients, a reversed saphenous vein
graft from the internal carotid artery was brought
to the most distal aspect of the extracranial VA (C0-
1) at the skull base before it entered the foramen
magnum. The external carotid artery or its occipital
branch was transposed to the VA at the level of C1-
2 in 23 patients. Transposition of the third portion
of the VA12,13 onto the side of the internal carotid
artery was performed in 2 patients. Other methods
were used in 3 additional patients, including a vein
patch angioplasty of a stenotic VA lesion, a
retropharyngeal reversed saphenous vein bypass
from the right common carotid artery to the distal
left VA, and a C1 laminectomy to relieve a com-
pressed VA as it entered the skull. The different
types of reconstruction are listed in Table III.
Eighteen patients underwent concomitant caro-
tid operations at the time of distal VA revasculariza-
tion, and 1 patient underwent a concomitant subcla-
vian to carotid artery transposition.
The estimated average loss of blood was 355 ml.
Patients spent an average of 1.6 days in the intensive
care unit and a total of 6.2 days in the hospital. 
Postoperative imaging via arteriography was per-
formed routinely before patient discharge from the
hospital during the first half of our experience.
Formal transfemoral arteriograms were completed in
47 of 50 patients before 1990. The use of routine
intraoperative completion digital angiography began
in 1990 and, in some instances, replaced the use of
formal transfemoral arteriography before discharge.
Thirty-two of the final 50 patients underwent formal
postoperative angiography in addition to intraopera-
tive angiography. In the remaining 12 patients, post-
operative duplex imaging was used to document
patency before discharge.
Follow-up data on long-term graft patency were
obtained through patient history or physical exami-
nation, direct duplex ultrasound interrogation of the
reconstruction, or angiography.
RESULTS
Four perioperative deaths occurred; three of
them occurred after brain stem strokes. Two of these
strokes could be directly attributed to failure of the
distal VA reconstruction. Both of these patients were
operated on before the introduction of intraopera-
tive angiography. In both cases, a postoperative arte-
riogram performed for acute neurologic symptoms
showed thrombosis of the reconstruction. Both
patients then underwent emergency attempts to
reopen the grafts via thromboembolectomy. In the
first patient, the balloon catheter perforated the
intradural segment of the VA, and a fatal subarach-
noid hemorrhage resulted. In the second patient,
the clot could not be extracted through simple trac-
tion, and we did not want to use an embolectomy
catheter in light of the experience with the first
patient. The artery was ligated above and below the
arteriotomy.
A third stroke with resulting death also occurred
before the introduction of completion imaging. This
patient was known to have a severe left middle cere-
bral artery stenosis. In the immediate postoperative
period, he developed a massive left hemispheric
infarct that eventually led to his death. This patient
also underwent formal transfemoral arteriography;
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Table III. Types of distal vertebral artery recon-
struction
Distal VA Reconstructions %
Common carotid to distal VA C1-2 bypass 56
External carotid to distal VA C1-2 bypass 6
Internal carotid to distal VA C1-2 bypass 6
Internal carotid to suboccipital VA C1-2 bypass 4
External carotid transposition to distal VA C1-2 18
Occipital artery transposition to distal VA C1-2 5
Distal VA C1-2 transposition to internal carotid 2
Distal VA vein patch angioplasty 1
Carotid to distal VA C1-2 retropharyngeal bypass 1
Laminectomy of atlas 1
after his stroke, the vertebral reconstruction was
shown to be patent and flawless.
The fourth stroke with resulting death occurred
later in the series and followed an urgent attempt to
bypass an acutely and spontaneously thrombosed VA
in a patient who had recently had a brain stem stroke
and was experiencing worsening symptoms of brain
stem ischemia. The intraoperative angiogram was
flawless, but the patient died of profound brain stem
stroke before a formal postoperative arteriogram
could be performed.
In addition, a patient with extensive carotid and
VA disease had a hemispheric stroke (mild proximal
monoparesis) that followed a reversed saphenous
vein bypass graft from the common carotid artery to
the VA at the level of C1-2. Postoperative arteriog-
raphy demonstrated a patent and well-functioning
vertebral reconstruction.
Sixteen grafts (16%) failed or were found to be
flawed in the early postoperative period. As noted
above, two resulted in fatal strokes despite attempts
to reopen them. A total of 14 asymptomatic graft
occlusions (6) or stenoses (8) were identified after
operation. Nine of 14 asymptomatic patients were
returned to the operating room to attempt correc-
tion of the defect. Twelve of 50 operations (24%)
performed before 1990, without the use of routine
intraoperative completion imaging, were found
through the use of arteriography in the postoperative
period to be flawed asymptomatically. The defect was
considered significant (greater than 75% or occluded)
in 8 of 12 patients, and these patients were returned
to the operating room for revision. Three of eight
attempted revisions (all occlusions) were not success-
ful. Two of the 50 patients (4%) who had operations
performed after the introduction of routine intraop-
erative digital angiography were found to have
asymptomatic defects at discharge or on early follow-
up arteriography. One patient was reoperated on,
and the revision was successful.
The introduction of the use of intraoperative
angiography in 1990, halfway through the series,
decreased the incidence of significant graft abnor-
malities that were diagnosed after operation and
required revision from 16% to 2% (p = 0.001) and
the incidence of perioperative death from 6% to 2%
(p = 0.269). During the second half of the series, five
patients (10%) were found through the use of intra-
operative arteriography to have flawed reconstruc-
tions. These defects were repaired before comple-
tion of the operation.
Two patients developed Horner’s syndrome after
operation. One patient returned with an auricular
nerve neuralgia and required repeated nerve blocks
for relief. One patient experienced a temporary sev-
enth cranial nerve palsy, and one recovered from a
unilateral recurrent laryngeal nerve palsy. One
patient required readmission and treatment for
lower extremity deep vein thrombosis.
Symptoms of VBI were completely resolved in
71 patients and substantially improved in 16. Seven
of the 16 patients whose symptoms were improved
but not resolved had brain stem infarcts document-
ed on preoperative CT scanning or MRI. Symptoms
were unchanged after operation in six patients. In 4
of these 6 patients, the reconstruction was found to
be flawed on postoperative arteriography. Post-
operative data on immediate resolution of symptoms
could not be found for 3 of the patients in addition
to the 4 who died perioperatively.
Follow-up ranged from 1 to 168 months (mean,
79 months). Ten patients were lost to late follow-up.
Twenty late deaths occurred; no late deaths were the
result of strokes. Eleven late deaths were cardiac
related, eight were due to cancer, and one was due
to renal failure.
Six distal VA reconstructions developed late
restenosis or occlusion. Late graft failures occurred
at 6, 10, 24, 25, 40, and 60 months. Five of the six
grafts that developed problems after the first post-
operative month were revised. One patient devel-
oped a focal distal vein graft stenosis. This recon-
struction was redone as an external carotid to distal
vertebral transposition. This same transposition later
required balloon angioplasty. A second patient
developed a stenosis at the proximal anastomosis of
a vein bypass that took origin from the external
carotid artery. This was remedied via external carotid
endarterectomy. Two vein grafts developed signifi-
cant stenoses throughout their entire lengths; both
of these required complete replacement with new
vein segments. The cumulative primary patency at 5
and 10 years was 75% ± 6 (mean ± SE) and 70% ± 7,
respectively; cumulative secondary patency was 84%
± 5 and 80% ± 6 at 5 and 10 years, respectively.
Cumulative graft patency data are depicted graphi-
cally in Fig. 1. Median patient survival was 107
months. Patient survival statistics are depicted in
Fig. 2.
DISCUSSION
Our protocol for surgical treatment of VBI
requires the elimination of medical causes (e.g.,
drug therapy, cardiac arrhythmias) for VBI before
the assumption is made that a patient’s symptoms
are due to an existing VA lesion. In patients with
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symptoms related to neck position, the trigger
motion is elicited through physical examination.
During arteriography, the injection is made with the
neck in the trigger position while the patient experi-
ences symptoms. In these cases of external, postural-
ly induced compression, the arteriogram in the neu-
tral position usually shows a normal VA. 
Ninety-eight percent of the patients had been
symptomatic for an average of 14 months. This
group of patients frequently had additional cere-
brovascular pathology in other territories. Twenty-
eight percent of these patients had had previous
cerebrovascular reconstructions, mostly carotid
endarterectomies. 
The percentage of patients with dissection,
extracranial compression, arteritis, or aneurysm is
32%, a much higher incidence of nonatheromatous
disease than is seen in patients with carotid disease.
A common carotid artery to distal VA bypass is
probably the simplest option to reconstruct the distal
VA, even though it requires harvesting a vein and per-
forming two anastomoses. A vein graft of greater than
3.5 mm in diameter is required. The transposition of
the external carotid to the distal VA has the appeal of
a single artery-to-artery anastomosis; however, the
origin of the external and distal common carotid
arteries must be free of disease, and the branching of
the external carotid should not occur early, so the
main external carotid trunk, as it crosses the upper
border of the digastric muscle, still has a diameter that
matches that of the distal VA. Transposition of the VA
to the cervical internal carotid artery also is an attrac-
tively simple operation.13 Obviously, it can be per-
formed only if the contralateral carotid system is
intact. Finally, there are a few instances in which the
occipital artery is suitable to revascularize the distal
VA. The only instance in which the occipital artery is
of adequate size is when this collateral pathway has
supplied the distal VA since childhood, namely, in
children who underwent a Blalock-Taussig proce-
dure, which sacrificed the proximal VA.
The impact of the use of routine intraoperative
arteriography on the mortality and morbidity rates
for these patients was mentioned in the discussion of
our results. Although a learning curve may deserve
some of the credit for improved later results, the
impact of intraoperative digital arteriography
appears to be significant. With the addition of intra-
operative arteriography, patients benefited by a drop
in the postoperative thrombosis rate from 14% to 2%
and in a decrease in the mortality rate of 66%. The
percentage of grafts that required return to the oper-
ating room for attempted revision dropped from
20% to 2%. The overall incidence of angiographical-
ly diagnosed graft abnormalities decreased from 28%
to 4%. This is so relevant that a distal VA recon-
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Fig. 1. Primary and secondary patency for distal VA reconstruction.
struction probably should not be done unless intra-
operative digital arteriography is available. We have
tried unsuccessfully to use duplex ultrasound to
image the reconstructions through these deep and
narrow fields; although the VA is easy to insonate
through its proximal two thirds, the distal anasto-
mosis cannot be imaged adequately. 
The symptom cure rate was 71%. There were, in
addition, 16% of patients who experienced improve-
ment but not cure. It is pertinent to note that 7 of
these 16 patients had brain stem infarctions demon-
strated preoperatively. Of the 6 patients who did not
improve after the operation, 4 had technically flawed
reconstructions demonstrated on postoperative arte-
riography. In 1 patient with embolic disease, the
bypass thrombosed postoperatively. As in all cases,
the distal VA had been ligated below the bypass. The
patient was cured of her symptoms during a 12-year
follow-up. 
The long-term follow-up of this patient popula-
tion shows that their life expectancy is not substantial-
ly different from that of the general population with
cerebrovascular disease. Like patients who undergo
supraaortic trunk14,15 or carotid16 operations, half of
the patients undergoing distal VA reconstruction are
dead after 10 years, generally of cardiac disease. 
The substantial difference in mortality and mor-
bidity rates between the first and second halves of
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this experience reflects the learning curve attached
to any new procedure and the introduction of the
use of routine intraoperative arteriography to detect
technical problems that may not be noticed through
visual inspection. 
Twenty-four percent of patients had sympto-
matic embolization of the arterio-arterial type. This
incidence of embolization is consistent with the clin-
ical data reported by Caplan and Tettenborn.9 The
proportion of patients identified as having an embol-
ic etiology increased during the latter part of the
series. This is likely due to the routine use of MRI
during the past 8 years; the routine use of MRI in
the workup of patients presenting with vertebrobasi-
lar symptoms has resulted in frequent detection of
small infarcts in the brain stem or cerebellum that
would not otherwise have been diagnosed with CT
scanning. 
In summary, reconstruction of the VA at the
skull base is an effective and durable operation to
revascularize the brain posteriorly, bypass intermit-
tent symptomatic compression of the VA, and cure
VA embolization.
The surgical techniques used to expose and
revascularize the VA at C0-2 levels are more
demanding than those used during proximal VA
reconstructions, and their correctness must be veri-
fied with intraoperative arteriography. The protec-
Fig. 2. Cumulative patient survival from 1982 through 1996 for distal VA reconstruction.
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Dr. Gregorio A. Sicard (St. Louis, Mo.). You report
in your manuscript a combined stroke mortality rate of 4%
in a high-risk patient population and with a very techni-
cally demanding procedure. I have a few questions.
Is there ever an indication for the need of an intralu-
minal shunt because of anatomic considerations? If so,
how can you accomplish this in such a small and friable
vessel?
Is there ever a role for vertebral reconstruction under
deep hypothermia in this segment that has been described
for more complex vertebral lesions?
In this era of balloons and stents, is there a role for this
technique in the vertebral artery, either in its proximal
portion or in a second or third portion?
I enjoyed this paper, and I think it definitely sets stan-
dards for vertebral reconstruction that will be difficult to
match. Thank you very much.
Dr. Ramon Berguer. Thank you, Dr. Sicard, for your
comments. I have used the shunt on two occasions, and I
have regretted its use in both cases. By using the shunt, I
literally destroyed the artery, and I had to reoperate on
this patient and install a new bypass graft. So, the answer
is no. I do not think there is ever a need for a shunt.
With regards to hypothermia, I have only used deep
hypothermia in one patient who had only a vertebral artery
open and who required coronary bypass. We did the
reconstruction of the vertebral artery during the deep
hypothermia induced by the cardiopulmonary bypass graft.
As for the use of stents and balloons, I have very little
experience with those. We have used a stent in one patient
to cure a false aneurysm with the vertebral artery in the
second portion. The stent did not occlude the aneurysm,
and this was achieved a week later by introducing coils
through the mesh of the stent. This procedure was per-
formed by our interventional radiologist. This was our sin-
gle experience with the use of stents in this location.
DISCUSSION
tion from symptoms or recurrent stroke is excellent.
Patients undergoing distal VA reconstruction have a
long-term survival rate identical to that of patients
undergoing operations on the carotid artery or
supraaortic trunks; their life expectancy is 50% after
10 years, with approximately 70% dying of cardiac
causes.
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